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1(a) Determine the normalized power and level in dBV for the following sinusoidal signals. 
Complete the following table using one decimal place accuracy: (2 points) 

Level Pnorm (fieVtCCtf <?v)tdtoV\ 

Signal (dBV) (Watts) 


700 mV rms @ 1000 Hz 

-3 

os 

10 volts rms @ 256 Hz 

ao 

loo 

20 Vp-p sinusoid @ 60 Hz 

17 

50 

Sum of above 3 sienals 

ai.8 

150-5 

Checksum (of all 4 rows) 

55.8 

301 


30 Vp_p - 7-07 V 

Suyr\ pouJe< 
t tv'C^emc/eS d\&+< 


1(a) A modulator forms the product of the carrier signal c(t) * 100 V cos 2k 200001 and the 
following signals ra(t). Determine the amplitudes and frequencies of the components in the 
modulated output signal. Assume single sided spectrum for your solution . (2 points) 


A] fl A2 h A3 f] A4 f4 
' (volts) (kHz) (volts) (kHz) (volts) (kHz) (volts) (kHz) 


2 cos 2^4000/ 

loo 

Up 

too 

24 





4cos2;ri lOOOr 

aoo 

9 

aoo 

31 





2 + 6 cos 27r23000f 

300 

3 

200 

20 

300 

43 

— 

— 

cos 2rt4000f + cos 2/r8000f 

50 

ia 

50 

Ifc 

50 

24- 

So 

28 

Checksum 

650 

40 

550 

91 

350 

67 

50 

28 


/ 

/ 
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2(a) Which sampling fot 

sampling ? F.xplain 


< A > 
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~ 0L JlA has? a 

- 

convener which is followed by an analog lowpass filter. 

(i) Docs this system implement natural or flat top sampling ? (1 P°«J> 
}ii) What is the duty cycle (in percent) of the decoded samples . {1 pom ) 

i) CSiJr -Kf 

y^j (bJt^ n^cJU. /to I oo ^ . 

10 kHz and the input modulation signal is 10 cos 2*4000t. (1 point) 


A 


w(0= wco 


T 


tt 't-'-p 


a / ,. r /io) 

A -- 4.4>g 4000 ^ 


V % - 

r= ost s =' 


'X \ ru>rirviir wfiVi»fArm ronsiiK 


of four i ms vunwnis each with one cvcle of si lie wave. 1 he 
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sinewave amplitudes in the 4 successive segments are 2v, 4v„ 2v, and W. The periodic 
waveform has a repetition rate of 250 Hz and has no discontinuities. 


4v 



(a) Determine the normalized average power and peak to rms ratio of the waveform. ( 2 



(b) The abow waveform is quantized with an J 1 bit encoder/decoder that has a range 

±10.24 V. What is the SNR of the quantized waveform? Note that this question does 
not consider sampling. (2 points) 




S v»\.vi (&' t)1 l-"7 7 

sN/{ ~ ^7^9 <*6 
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SNd 

raft) 


-- + 2oJLc>£ 




u^v\ d lfX *\ 

<L& 


2oIoJ±^l) ^ 55.1 

, °y*y- l \ys 

— 4.0 % *■ -ftrT rr\ 

d(b 


A 5 Vrms full load sinusoid with frequency 1000 Hz is to be quantized, coded and sent by 
digital transmission. Assume that the system bandwidth is 4 kHz and the sampling rate is 
32 kilosamples per second (32 ksts). 

(a) What is the decoded SNR if 8 bit LPCM is used? (l point) 

5NR (d8)r <o.OZ(sWl-H +-toJl*§ lo (f±l2z\ 

\ ^“bwJ / 


4-^ • S ± \ o 


= 155. 


4000 


- ISS-t 


(b) What is the decoded SNR if Delta Modulation is used? (1 point) 

sNR - iris . fs/z -- 3(3 Zooq) __ tfrfc _ j( 

*n\iooo) x 4 1C 

Sn£ - <o JU 9|o igs-.t - d 6 

(c) What is the decoded SNR if 4 bit linear DPCM is used? (1 point) 

SNR (as) = + 30 -**3.. _ 


- ai.°ia d0 + 23.52*e - d6 

(d) What is the quantizing bin size (in volts) for the above three cases? (I point) 

*) =?.V --14.14V s= = RsTa^y 


PCM 


b ) Oelfo. HoA. 

0 "" ™ '■ I . 

■f'j W lo£* <£ 
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5(a) The (normalized) power spectral density of a voice signal and a 33.6 kb/s data signal are 
shown below. 

(i) Estimate normalized power and the level in dBV for each signal. (2 points) 

(ii) Comment why one signal is easier to transmit using delta modulation (1 point) 


S (jiW/Hz) 


S (pW/Hz) 


300 


3300 f (Hz) 


300 


3300 f (Hz) 


0 P N - (0.1 ~ w A 3 )(3ooo ^ _| 


aaW 




iOxjlI 


r**is 


IoQm.\aJ — 17.3r*>V 


~ 3C>o aaSN ir 17.3 mV - yj 3 gQm\sJ ~ 17.3 mV 

LcajcI - < 5 o I0 - - 3?.2 d 6 v 5 «myu.(-‘ 35 * 2 d 

Aa^yvoJ^ P^crrvx- AjL>yXC- crv^Xor 

/O^VVOt- *tk)L Wjl^W VtOv^- <X4v\ pJX/twtc 

d-'Wcl vnc(i^ 

tUjc ^w\pJLU< wUcL S>VR. 

Dto) Assume a mu Law encoder with minimum quantizing bin of 384 uV. Determine the 8 bit 
codeword which best represents a voltage sample of+100 mV. (1 point) 

yJLi. ^ ^4,0. Ar 

384“ a*\J 
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* V ifc 


= M {^2. (n.'i)i = 4- 

7© -^-'vvcC fA v 

VVv d.io.4- = 2 (M+ Mo.s)-i4,s 

M+ I4.s -- ^°:±_t(4 = , 7 3 =E> M = fc»4o.s( = 1 

- O -^vvxrr tk*- K^otjLol ) 

^ov^slV fo~Too Oo oil oJLao flwo 

^——-—————-J aJ^ TKju . 


6 

6 The framing circuit in the receiver ofaDSl-C transmission system obsmesl 1 bits from 
U^Sory. Note that the X framing bit is not defined as “r or “0 Theobservcd 
bitsare at the framing bit inters illustrated in the frame illustration below. Assume lha 

th^ incut (tributarv) DS1 data bits are random t . .. 

(a) Determine the probability of any specific sample ofl 1 data bits being mistaken tor 

framing bits-(1 point) . 

rt>) Estimate the time required to fmd frame synchronizauon assuming that there are no 

^ } channel errors (the true framing are always recognized when they are observed in tn 

correct order by' the detector) (2 points) 

(c) At what frequency' do the stuff bits for channel A occur? (1 point) 


r _ F n Framing 26 "A" bits *1 bit 

M Framing bit 0 ?i; "r* wtc_ ct-nff * — 
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